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RECOVERY RATES OF CRYPT@BIOTIC CRUSTS: 
MNOCUIEANT USE ANID ASSESSMENT METFAODS 


Janne Belnap! 


\BSTRACT—Recoverv rates of cvanobacte srial-lichen soil crusts from disturbance were examined. Plots were either 


undisturbed or scalped, and se alped plots were either inoculated with surrounding biological crust material or left to recover 


hi iturally. N 


Natural recovery rates were found to be very slow. Inoculation significantly haste ned recoven for the cvanobac- 


terial/green algal component, lichen cover. lichen species richness, and moss cover. Even with inoculation. however, lichen 
and moss recovery was minimal. Tr aditional techniques of assessing recovery visually were tound to underestimate time for 
total recovery. Other techniques, such as extraction of chlorophyll @ from surface soil and measurement of sheath material 


ACCT. were used and ure discussed. 
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innoculation, Microcolens vaginatus. 


Cyanobacterial soil crusts occur in semiarid 
and arid regions throughont the world. Stndies 
of these crusts have documented the impor- 
tance of the role they plav in these ecosystems. 
This role inclndes the stabilization of soils (Bel- 
nap 1990, Harper and Marble 1955, Mar atlie 
1972), improved nutrient. status of vascular 
plants growing in the crust (Belnap and Harper 
unpublished). and improved soil structure 
(Metting and Ravbum 1983). 

For the N Nation: al Park Service, maintaining 
the biota and visnal aesthetics of undisturbed 
landscapes is a central concern. Since enptobi- 
otic crusts are widespread throughout parks on 
the Colorado Platean and damage to them is 
highly visible, finding methods to hasten the 
recovery of disturbed crusts is of inyportance to 
this agency. The use of inoculants to speed up 
recovery of these crusts has been reported by 
several authors. ( (Ashley and Rushforth 1L9S4. 
Lewin 1977, St. Clair et al. 1986, Tiedemann et 
al. 1950). 


Te aditionally, assessment of recov ery rates of 


cryptobiotic soil crusts after disturbance has 
heen based on visnal measurements only. ¢ 
erally, such measurements have included per- 
cent cover of the cvanobacterial/green algal, 


Csen- 


lichen, and moss components: presence of 


pediceled soil surfaces: and mumber of moss and 
lichen species observed (Anderson, Harper, and 
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Hohugren 1982, Anderson, Harper, and Rush- 
forth 1982. Brotherson et al. 1983, Cole 1990). 
Unfortimately, visnal measurements cannot 
quantify the amonnt of the cvanobacteria/green 
algae present, since fil: uments and cells ranify 
through several millimeters of surface soils. The 
few studies that have attempted to quantify the 
amount of cvanobacteria and green algae tissue 
present have used fluorescence optics or cultur- 
ing (Ashlev and Rushforth 19$4, Johansen and 
Rushforth 19$3°. Both methods have problems 
associated with them: fluorescence optics is very 
time consiming. and culturing may give mis- 
leading results. Recenth, Beymer and Klopatek 
(1992) used chlorophy lla to estimate cvanobac- 
terial and green algal tisue in recovering crusts. 
Another aspect of crust recovery should also 
he considered. Microcoleus vagiuatus, the ev- 
anobacterium that makes up the bulk of er ustal 
organisms in the semiarid environments consid- 
ered here. may contribute up to 95% of the crust 
biomass (Be Inap personal observation). This cv- 
anobacterium secretes a thick, extracellular ge- 
latinous sheath around the living filaments. This 
sticky sheath material adheres to soil particles, 
thereby ageregating then into larger, less 
erodible particles (Belnap and Gardner 19933. 
Harper and Marble 1955). When moistened. 
the filaments of Microcoleus are partially ex- 
truded from the colonial sheaths: the filaments 


) dee a sheatlis aromel thittaselves and 
‘Agu ator sheath amaterial behind. 
( oyyane tly there 1S rach WMWVve abandoned 


ted sheath material ina 
vel developed crust Beluap and) Gardner 
Myo30 Since abandoned sheath material still 
heres to and binds together soil particles. it 
contnimes to contribute to soil stability aud Del 
ae and mntrient retention mM 
these souls Bele ap and Gardner 1993). Tas, 
Gy assessment of recoven ol erusts shonld con- 
oder the amount and condition of both aban- 
doned and occupied she ‘ath material present. 
The purpose of this study was Wvolold. The 
list was to establish whether imocnlation using 
nearby biotic crustal materi al could be used to 
increase. biotic recovery rates of disturbe a 
crusts. The second was to evannine other meth- 
ods of assessing Crust recover. These inchided 
sing chlorophyll a to qui antily living cvano- 
bacterial algal components of the crusts, (2) 
measmming height of biologically induced ini- 
3 assessing accummlated sheath 


tla ci ntly ov labita 


erence 


croreliel, and 
material. 
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Stucdhes were conducted on sandy and uvp- 
siferons snbstrates. Plots were established in 
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\rches National Park  ARCIE, ont 20 miles 
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were 0.25 nv inarea, three were 0.5 m*, and two 
were 0.75 mY. 

Sites were sampled in 1990. Since plots were 
established at various times during the 19S5-SS 
period. different recovery periods were repre- 
sented. Gypsiferous plots at ARCIE and sand- 
stone plots at ISKY were sampled alter two 
years, SF plots were sampled after three years 
and BTR sites were si unpled after five vears. 
Measurements consisted of 5-10 samples of 
crust (cores | em dee p by 1.6 cu in diameter) 
collected from each plot. C hlorophyll a in these 
samples was extracted with dimethy! sulfoxide 
(IOMSO): this extract was centrifuged : and spec- 
trophotometrically analyzed at an optical den- 
sity of 665 nin. 

Visual estimates of cryptobiotic cover were 
taken at all sites as well, Percent cover of evano- 
bacteriWgreen algae, mosses, and lichens was 
recor teal for all treatments at all sites. Height of 
pedicellation (measured from the highest point 
of the pedicel to the ground surface between 
pedicels) and thickness of the crust (depth to 
which the sheaths of Microcoleus could be de- 
tected) were measnred at the BTR site. Thick- 
ness of the crust was measured by. slicing 
throngh the crust with a razor blade. In the 
coarse, sandy soil found at the BTR site, sand 
not bound by gelatinons sheath material fell 
away Lreely, ¢ Snabling one to estimate the depth 
to which sheath material was present. 

Data were analyzed for significance using an 
tipaired Stude mt’s f test to compare meented 
With uninoculated plots; ANOVA and Diunean’s 
multiple range test were used to distinguish 
significant diflerences between uninoculated, 
inoculated, and control plot values. Each char- 
acteristic Was run separately (chlorophyll a, li- 
chen and moss cover, and — richness). 
Probabilities of <.05 were considered statisti- 
cally significant. 


RESULTS 


All parameters measured for all treatments 
at all sites were statistically different (p < .007) 
except lor the visnal assessment of evanobacte- 
rial/ereen algal cover. For this characteristic all 
surfaces atall sites appeared to be 100% covered 
Within a vear, ba iminocnlated plots the cvano- 
bacteriam Microcoleus vaginatus was always 
the first to develop observ able cover, In all dis- 
turbed plots where any lichens were observed. 
the lichen Collema teuax was alw avs present. 
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TABLE L. ARCH site: average values for selected parameters ofr ptobiotic crusts following various treatments. Recovery 
interval was 2 vears. See text lor details of treatments and biotic variables. MU differences are statistically diferent at the p 


< .05 level, except moss cover Call values zero). 


\bsorption PN 
chlorophyll dl 


‘Treatinent iN Sala: 
Control QO. 1-4 0.08 
Inoculated O.0S 0,02 
Uninoculated 0.03 0.00] 








Lichen Lichen Nloss 
COVEE species COVEr 
SD \ SD AG SD 
oe pA 4.3 O39 0.0 0.0 
6 29 26 Os 0 0.0 
3 15 is Q.4 00 Od 


Tabet 2. BTR site: average valnes for selected parameters of eryptobiotic crusts following various treatments. Recovery 
interval was 5 vears. See text for details of treatments and biotic variables. All differences are statistical different at the p 
- 05 level. 
\bsorption hy Lichen Lichen Nboss 
chlorophyll a COVer species cover 
Treatment X SD. ee x p>. x SD. 
Control 0.09 Q.07 IG he 3.0 id 0.9 11.6 t2 
Uninoculated 0.0] 0.01 0.0 0.0 0.0 0.0 0.0 0.0 


Arches 


Plots at this site were scalped and cither 
inoculated with nearby biotic crustal material or 
not inoculated. Chlorophyll a and visual charac- 
teristics were measured after two vears. All bi- 
otic aspects of recovery on this gypsiferous 
substrate were significantly enhanced by inocn- 
lation, inchiding chlorophyll a concentrations, 
percent cover al Hate and number of lichen 
Table 1). Chlorophwll a in un- 
disturbed crusts was alee twice that of inocu- 
lated plots (0.14 vs. 0.077), and almost five times 
that of nninoculated crust (0.14 vs. 0.03). 
cover averaged 43.3% on undisturbed plots. 
3.6% on inoculated surfaces, and 1.3% on un- 
inoculated surfaces (all differences are statisti- 
cally significant). Lichen species on undisturbed 
areas averaged 4.3 per plot, while on the inocu- 
lated surfaces this average was 2.6. Uninocu- 
lated surfaces averaged 1.8 species per plot. No 


spe CICS pr esent ( 


Lichen 


Iosses were present on any surfaces. The only 


exception to these significant differences bes 


tween treatinents was the visual assessment of 


the cvanobacterial/green algal cover. All treat- 
ments gave the appearance of LOO% coverage 
within one vear, 


Behind-the-Rocks 

Plots at this site were either scalped or left 
undisturbed. No plots were inoculated. Meas- 
nrements were taken five vears later. After this 
time period all parameters measured showed 
large and statistically significant differences be- 
tween the nirleembed and uninoculated. 
scalped areas (Table 2). Visnally, the se: ped 
areas looked well on their way to recover. The 
entire surface area of scalpe ‘cL plots appeared 
covered by cyanobacteria. and pedicellation had 
begun. Pedicel height in nndisturbed crusts 
ranged from 4.3 to 7.9 em, averaging 4.9 cm. In 
scalpe -d plots, pedicels averaged 2 2 on in height, 
or about 41% of the average pedicel he ight on 
undisturbed plots. From ne one night assume 
that the cvanobacterial/green algal component 
was 41% recovered. Llowever, chlorophyll a lave 
els and the thickness of sheath accunmiation 
necessitate a different interpretation. Chiloro- 
plivll @ levels were still only 12% of those in 
undisturbed sites after five vears. Measure- 
ments of depths to which acctunulated sheath 
material could be detected demonstrated that 
on scalped plots, though pedicels average “1 2¢m 
in height, thickness of sheath material was only: 
0.6-0.9 cm, averaging 0.S cm. Over half the 
volume of the average pedicel consisted of loose 


( 41 BASIN EN ATUMALIST 


\ ! 
~ Aibvatt 


\hiiiebtienn by 
chloropla ta 


t aE S 1. 

' a | ().02 

| (02 0.0] 
\ ' (002 0.00] 


| PS WA tal Bd GS 
rtd veers See text dor details of treatments and biotic variables. 
cer 
\bsorption I 
chlorophiy Hl a 
wit ti x SD. 
{ t (DE: 0.05 
tree til atercl tre? 00] 


sand On the other hand. in undisturbed plots 
Sheath inatenal ocenrred throughout the vol- 
mue of the pedicels. and little loose sand was 
foun tithe undisturbed crust sheath material 


was observable at an average depth of - tQem-.or 


sav tunes the depth measured in the: se alped 
aeas The difference was highly significant 
Stabistic ally. 

Lichen cover showed no recove o at all: 


vlule uiichsturbed sites ave raged 23.2% cover. 


ohe hens were found in the se: pe ir plot alter 


eves Anaverage of $4 liche ESPCCTES WET 
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re fowd in the se, ped plots. Moss cover 
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Huoeters of ery ptobiotic crusts following various treatments. Recovery 
nents and biotic variables. WH differences are statistically dillerent at the p 
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Lichen Lichen Noss 
COVer specics cover 
wee x SD. x SD. 
oS) 12.9 Sa) | 2 I is 
1.5 Le] bel 0.6 0.09 0.3 





areas averaged 7.3%. Inoculated plots had sig- 
nificanth: less lichen con er(1.S&), TO aoce 
lated plots averaged 0.3% lichen cover. The 
same pattern was observed for moss cover: un- 
disturbed plots averaged 7.3%, inoculated plots 
averaged 1.2% while nninoenlated plots had no 
moss cover at all. Visnal assessment of the cy- 
anobacterial/green algal cover was rated 
l00% after one year for all treatments. 


Sand Flats 


Plots at this site were either scalped or left 
nndisturbed. with measurements taken three 
vears later. As witli the other sites, all parameters 
were signiheanth different between scalped 
and undisturbed plots (T. (Table 4). Chlorophyll a 
levels inthe se alped areas were only S% of those 
observed in the undisturbed areas (0.022 vs. 
0.275) alter three vears. Reestablishiment of li- 
chens was again ¢ xceptionally slow: after three 
Vvears. sealped pee had only 1.5% lichen cover 
compared to 42.5% cover found in nearby un- 
disturbed areas. Sealped plots averaged only 1.0 
lichen species per plot, while hcicnbed areas 
aweraged -£.3. Moss eover was slow to recover as 
Well. While undisturbed areas had an average of 
l2.1% cover the disturbed areas averaged 


09% cover, As with the other areas, visial 
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assessment of evanobacterial/green algal cover 
reached 100% within one vear. 


DISCUSSION BARD CONCLUSION 


Itis clear from these results that inoculation 
can hasten the biological recovery of disturbed 
crusts. Inocnlated plots had far greate r chloro- 
pliyll @ concentrations than moet d plots, 
indicating a larger establishment of cvanobacte- 
ria and green algae. Thev also had significantly 
greater lichen specics richness and greater li- 
chen and moss cover than uninoculate ul plots. It 
should be noted, however, that although lichen 


cover and moss cover were significantly: greater 


on inoculated than uninonculated plots, recov- 
ery for both lichens and mosses was extremely 
slow for both treatments. 

Inoculation hastened some aspects of visual 
recovery of the evanobacterial/green algal com- 
ponent. Areas that had been nocitted had 
greater pedicellation sooner than areas. that 
were not inoculated. Apparent coverage of the 
soil surface by this crustal component, however. 
was not hastened by inoculation, since all soil 
surfaces appeared completely covered within 
one vear. Inoculation somewhat hastened the 
visual recovery of the lichens and mosses; how- 
ever, absolute differences were so small that it 
was difficult to tell treatments apart without 
close examination, 

The use of spectrophotome trically deter- 
mined chlorophyll in surface soil as a measure 
of recoy Cle: of ernyptobiotic crusts prove dto bea 
time-clficient and reliable measure. When com- 
panng different treatments or areas, however, 
one must take all samples within a short period 
of time to eliminate seasonal variations in chlo- 
rophylla@ as a potentially confounding variable. 

Visual assessment as a means of detennining 
crust recovery proved to be misleading. All plot 
surfaces, whether inoculated or not, appeared 
completely covered by cyanobacteria, and most 
showed midime sntary pediceling after only one 
year. This gave the impression that the evano- 
bacterial/er een algal components of the crusts 
were mostly or Salk, recovered. Chlorophyll a 
measurements, however, told a different storv: 
dramatic differences in chlorophyll a le vels 
demonstrated that the amount of photosv- 
thetic crptobiotic tissue present differed 
greatly among treatments. Uninoculated plots 
sometimes s supported only 2% as much chloro- 
payll @ as was formd in nearby undisturbed 
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crusts. Visnal assessment also did not accurately 
assess the accummlation of abandoned sheath 
material, The method emploved in this study to 
measure the gelatinons sheath material accu- 
mulated was not completely satisfactory in that 
it worked well only in dry, coarse- grained soils. 
Some other means of asse ssing this crustal char- 
acteristic must be develo} xed to be used on all 
types of substrates. This fe should take 
into account both the amount of polysaccharide 
material present as well as its structural integ- 
rity. The bulk of microbiotic tissue in sandy soils 
consists of abandoned, buned sheath material. 
Though abandoned, this sheath material prob- 
ably reduces soil erodibility and enhances MOiS- 
ture and nutrient retention of the soil. ANY 
damage to such abandoned material, however, 
is non-repairable, since living filaments are no 
longer Present tOq1C=seCcrerce he gelatinous ma- 
terial. Repeated trampling of this brittle mate- 
rial pulverizes the abandoned sheaths, breaks mp 
their connections to sand grains, and probably 
hastens aggregate dissolution. For this reason, 
assessment of recovery from disturbance should 
consider not only the presence of living organ- 
isms and the amount of abandoned sheath ma- 
terial, present, but also the integrity or 
condition, of the sheath material. In place S 
where all or most sheath material has been 
removed (such as construction sites), assess- 
ment of crustal integrity and depth is much 
simplified. However. in situations where sheath 
material is repeatedly trampled in place, quan- 
tification of the crustal condition is munch more 
difficult. Chemical analysis of sheath material 
will not give 1s information about the integrity 
of that material: vet quantification of integrity is 
critical to anv assessment of crustal recovery and 
resultant stability: of the system. 

Prior estimates of time for natural recovery 
of crvptobiotic crusts from disturbance have 
varied widely, ranging from a few vears to 100 
vears for full recovery of all compone nts (Ander- 
son, Harper, and Rushforth 1982, Callison et al. 
1985, Cole 1990, Jeffries and Klopatek 19S7, 
Johansen et al. 1982, 19S4). In this study it is 
clear that if only visual estimates of cvanobac te- 
rial cover are considered, recovery appears 
quite rapid, whether sites are inoculated or not. 
This is generally supported by other studies that 
utilized visual assessments (Cole 1990. Johan- 
sen and Rushforth 1955), where recovery was 
reporte din up to five vears. However. there has 
been an exception—Johansen ct al. (1954), who 
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recover. Maximum depths observed would re- 
quire 1) 65 vearsat the rates obsen ed. Natural 
recover rates of lichen and moss were much 
slower than those lor cyanobacterial cover, chilo- 
rophiall a tevels, sheath depths. Lichens 
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active when wet, vears with higher effective 
precipitation will show. faster recovery. than 
vears with lower effective precipitation (Be hap 
personal observation, Johansen et al. 1984, 
1993), Different substrates (gypsiferous and 
sandy soils) did not affect recovery rates of ev- 
anobacteria, mosses, or lichens in this study. 

\fach work remains to be done in the assess- 
ment of crustal PCCONGIN: Since recovery rates 
depend on type and extent of disturbance, avail- 
ability of nearby inoculation material, and tem- 
per: ature and inoisture regimes that follow 
disturbance events, the relative effect of all 
these factors must be better understood before 
managers Can accurate ly estimate recoverv rates 
at specific sites, In addition. more work is 
needed on ways to assess recovery, inchiding 
linkage of chlorophy Ila measurements and algal 
emimeration techniques, and inclusion — of 
sheath integrity measurements. Also, more re- 
search fio he directed at recovery rates for 
crusts on different substrates and with different 
eral compositions. This study demonstrates 
that recovery can take along time, e specially for 
lichen and moss components of eryptobiotic 
crusts. For this reason, a conservative approach 
should be adopted relative to activities that mav 
disturb these crusts. More effort shonld be de- 
voted to evaluating procedures that will hasten 
reestablishment of crvptobiotic crusts, such as 
Inoculation with pulverized natural surfaces or 
artificially grown inocula. 
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